For the first time, a physics based computational model has been used to provide a direct 
To complete the helical interaction model, an electron beam was defined consistent with the XWING operating parameters, and a static uniform focusing field was implemented. Conductor and dielectric losses were assumed zero in all simulations, Becau'se0fthe computational intensity added by modeling in 3D, the interaction model was limited to about 40 helical turns.
This length corresponds to a small signal gain of 12.5 dB at 4.2 GHz, which we feel is sufficient for this study. 
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--X---6.8 GHz _)£ However, for this circuit the ripple can be attributed to the second harmonic interaction with the beam and its large reflections at the input/output couplers. The average absolute difference in phase across the frequency band is 5.7 degrees.
• • i-'I_ r • It should be mentioned that in an experimental TWT, losses will be present in the interaction circuit that will act to attenuate the second harmonic signal by a factor of about x/2 compared to the signal at the fundamental frequency because of the scaling nature of conductor resistivity with frequency [10]. Also, the effects of the second harmonic can be mitigated by inputting a signal at the second harmonic frequency, but with phase 180 degrees out of phase with the second harmonic signal generated by the nonlinearity of the TWT. This has the effect of canceling the unwanted second harmonic. Figure 6 Simulated normalized output spectrum using wideband excitation (BW = 2 GHz)
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E. Dependence of output spectrum with operational signal
To further demonstrate the idea that direct excitation with the operational signal provides superior simulated results, we compare the frequency spectrums of several modulated signals.
The bandwidth was kept constant at 2 GHz and the symbols were shaped using a RRC filter with roll off factor _x= 0.3. Three cases are compared: 1) binary phase shift keying (BPSK), 2) 16-ary quadrature amplitude modulation (16-QAM), and 3) 64-QAM. Figure 8 shows the output spectrum for each excitation. The peak-to average power ratio Pp/Pavgand IBO are specified in the figure caption. 
MAFIA AND SPW COMPARISONS
Digital signal performance is compared using direct excitation of the MAFIA model and SPW simulations. The TWT box.mode! used in the SPW, s_mul_tions.uses the MAFIA generated * I AM/AM and AM/PM data shown in Figure 3 and makes the assumptions listed in Section III.
The eye d!agram is commonly used to qualitatively measure the degree of distortion due to ISI. Figure 9 shows eye diagrams generated from SPW and MAFIA output for a 2 GHz bandwidth, BPSK signal at a 3.1 dB IBO. The absolute amerenees m upper t_ouna aegradation, which is proportional to the opening of the eye diagram [7] , between the SPW and MAFIA simulations as a function of signal bandwidth and IBO are shown in Figure 10 . 
